combinations of capsule ( K) and flagellin ( H) antigens, were analysed according to the outer membrane pattern (OMP), serum resistance properties, mannose-resistant hemagglutination using various types of erythrocytes, and also for the genetic presence and the expression of Pfimbriae. S fimbriae/F1 C fimbriae, Type 1 fimbriae, aerobactin and hemolysin. Twenty selected strains were further analysed by pulsed field gel electrophoresis (PFGE), elaborating genomic profilas by Xba I cleavage and subsequent Southern hybridization to virulence-associated DNA probes. lt could be shown that 06 UTI isolates represent a highly heterogeneaus group of strains according to the occurrence and combination of these traits. Relatedness an the genetic and the phenotypic Ievei was found for some of the strains exhibiting the same 0: K: H: F serotype. DNA Iang-range mapping further indicated some interesting features, according to the copy number and the genomic linkage of virulence genes.
resistance (SR), release of aerobactin and the presence of particular capsular (K) antigens. 2 ·-5
The ability to adhere to ureepithelial cells is considered to be a crucial virulence factor which allows certain fecal clones of E. coli to colonize the urinary tract. Several adhesins of uropathogenic E. coli have been analysed by agglutination assays. Type 1 fimbriae bind to e<-o-mannose and thereby agglutinate guinea-pig erythrocytes and Saccharomyces cerevisiae cells.
6 P-fimbrial adhesins recognize specifically the globo series of glycolipids present on both human erythrocytes bearing the P blood group antigen and ureepithelial cells. 7 The minimal binding receptor of this adhesi.n type is the disaccharide e<-o-galactosyl-(1-4)-ß-o-galactopyranose ( Gai-Gal). S -fimbrial adhesin binds to sialyl(ß 2-3)galactosides moieties, present on human and bovine erythrocytes.
· 9
Fimbriae of serotype F1 C are unable to agglutinate erythrocytes, but do seem to interact with cells of the human urinary tract.
-12
Recently we analysed E. coli serotype 06 strains, originating from various extraintestinal sources, which were shown to be highly heterogeneous. 13 Several other groups investigated E. coli 06 isolates 14 -16 according to the relation of serotype and genetic and phenotypic diversity, including the analysis of virulence factors. ln the light of previous studies, we attempted to analyse serotype 06 isolates from urinary tract infections, in order to getan insight into the correlation of genetic and phenotypic traits with serotype and type of infection, by combining classical and molecular typing methods.
Results

Serotypesand outer membrane patterns (OMP)
Among the 36 E. coli 06 strains in the collection of uropathogenic isolates, 12 of the strains had complete three-antigen serotypes, resulting in four specific serotypes, 13 had a complete serotype for 0 and K antigens, but were non-motile (H-), and 11 had incomplete serotypes, i.e. tpey lacked a capsular antigen ( K-) or were non-typable for the K antigen ( K+). The 06: K: H serotypes, and the results of most of the tests performed on these strains, are presented in Table 1 . Six different 0 M P patterns associated with these strains were obtained. Thirteen of the 36 strains possessed pattern 1; this pattern is typical for strains of serotype 06: K53: H 1, 06: K2: H1, and 06: K-: H 1. Most other non-motile strains of our collection, except RZ430 and RZ451, had pattern 2, whereas patterns 3, 4, 5, and 6 were found only in a few isolates.
Serum resistance Bacteria were also tested for resistance to the bactericidal activity of pooled human serum. 39% of the strains were serum resistant.
Mannose-resistant hemagglutination ( MRHA)
Various MRHA types were determined on the basis of the hemagglutination (HA) using erythrocytes from different species (human A 1 , pig, bovine, sheep). M RHA of sheep erythrocytes was most common (95%), followed by HA of pig and bovine erythrocytes (47%). Only one-third of our strains showed a MRHA of human eryt h rocytes.
Genetic presence and phenotypic expression of virulence factors
All of our E. coli isolates assigned to different 06: K: H serotypes were analysed by DNA-DNA dot blots for the presence of different virulence-associated genes. The phenotypic expression of the corresponding properties was also tested and the results are summarized in Table 1 .
P-fimbrial adhesins. One-quarter of the isolates produced adhesins, detectable by binding to Gai-Gal receptor molecules (P-specific binding), while 78% hybridized with a pap (pili associated with pyelonephritis) gene probe. This gene probe shares homology with the P-related sequences (prs).
7 P-fimbrial adhesins areweil expressed by strains of serotypes 06:K2:H1/0MP1, 06:K-·:H1/0MP1 and 06:K-:H-/OMP4. The pap/prs specific geneclusterwas also detected on 06:K53:H1, 06:K14:H·, 06: K13: H1 and 06: K+: H1 isolates, but never on 06: K2: H .. strains of OMP type 2. However, none of these isolates mediates P-specific binding and agglutination of sheep erythrocytes indicates the expression of Prs in these strains. Crossed-line immunoelectrophoresis ( CLI E) analysis showed that fimbriae of 06: K53: H 1 and 06: K13: H1 strains causing MRHA of sheep erythrocytes were strongly related serologically to F12/2. The fimbrial composition of strains with P-receptor binding specificity (Table 1 ) indicated the existence of antigenic heterogeneity among P fimbriae.
S/F1C-fimbrial adhesins. A total of 33 (92%) of the 36 strains were positive in DNA-DNA dot blots usi_ng a geneprobe specific for S and F1 C fimbriae, but only 47% of the isolates expressed S-specific binding properties. Except for one strain ( RZ458; 06:K2:H1/0MP4), all isolates expressing S-specific binding (Sfa) were also positive in CLI E for identification of the main peptide subunit of S fimbriae (SfaA) and spot tests using monoclonal antibody mAbA 1 which is specific for the S adhesin (SfaS, see Materialsand methods). Fimbriae with S-specific binding activity were found on isolates of serotypes 06:K14:H-, 06:K2:H-, 06:K+:H· and 06:K+:H31. Allthese isolates had two fimbrial peptides with apparent molecular weights of 17.2 and 16.2 kDa by SDS-PAG E, but only the 06: K14: H-and 06: K+: H31 /H-strains of this group had strongly reactive fimbrial antigens of type F12/1. None of the S-fimbriated 06: K2: H-isolates reacted with any of the P fimbrial antisera used. The presence of sfa/foc coding sequences was detected not only among these serotypes but also in P-fimbriated isolates, which were shown to express F1 C fimbriae, which are highly related to S-fimbriae at the genetic level.
· 18
Type 1 fimbriae. As indicated in Table 1 for type 1 fimbrial expression, the phenotype is in total agreement with the genetype in all strains.
Hemolysin. 92% of the strains were hemolytic and generally carried the corresponding genes. Three strains of serotypes 06: K2: H · and 06: K . . : H1 were non-hemolytic and also gave no hybridization signal.
Aerobactin. Aerobactin production was detected in 36% of the isolates, and all of these strains carry the aer gene clusters. Aerobactin-positiva strains were particularly common among isolates of serotypes 06:K2:H1/0MP1 and 06:K-:H1/0MP1.
Combination of virulence factors as basis for clonal classification. The data in Table  1 show an obvious correlation between virulence patterns and the 06: K: H serotype, and it becomes stronger if the OM Ps of the isolates are also taken into account. Among the analysed 06 strains, 16 out of 36 were assigned to membrane patterns 1 or 4 and yielded positive hybridization resuJts with the pap, fim, aer probes, with three exceptions in each case, to the sfa/foc-and h/y-specific gene probes.
A total of 17 E. coli 06 strains which were non-motile or H31 and had membrane pattern 2 or 6, carried the sfa/foc, fim and hly gene clusters and expressed the corresponding phenotypic properties. However, these strains were always negative in hybridization tests with the aer gene probe. Moreover, we found that E. coli strains of serotype 06: K53: H 1 were not disti ngu ishable from 06: K 13: H 1 isolates by all 
:--20. 
Restrietion fragment length polymorphism (RFLP)
For further analysis, genomic DNA of 20 representative strains was isolated and cleaved with Xba I, which infrequently cuts E. coli DNA. The fragments were separated by P FG E and the restriction fragment patterns were compared ( Fig. 1 a) . The two 06: K53: H1 isolates (Fig. 1 a, lanes 3, 4) seem tobe identical because they had many fragments in common, whereas the two other strains of this serotype (lanes 1, 2) differed from them and from each other. Similarity of restriction fragment patternswas also found among the 06:K14:H- (Fig.1a, lanes 5-9, 20 ) and the 06:K2:H-strains ( Fig. 1 a, lanes 10-13, 19 ), but the profiles of these groups differed from each other. Sometimes identical profiles (lanes 6, 8 or 12, 13) were found in strains of the same serotype, which were isolated from different patients. ln contrast, markedly different Xbal patterns were observed among the five 06:K2:H1 strains (Fig. 1a, lanes 14-18) ; only the three isolates expressing P-specific receptor binding (lanes 14, 15, 17) share some common fragments. After Stil cleavage, similar results were obtained (data not shown).
DNA long range mapping using virulence associated gene probes
In order to assign the specific virulence gene clusters to definite Xba I fragments, Southern hybridizations were carried out using the same DNA probes as used for the DNA-DNA dot blots (Fig. 1 ) . The results are summarized in Fig. 2 . lt can be seen that not only the Xba I profile, but also the hybridization pattern, is highly heterogeneaus between strains of different 06: K: H serotypes. Strains of the same serotype which are related by the Xba I pattern also show identical hybridization patterns, with few exceptions. The strains of serotype 06: K2: H1 sharing only few common fragments (lanes 14_;18) also displayed some kind of different hybridization patterns. lt can be concluded that relatedness of strains also is reflected by the Xba I hybridization patterns using virulence associated gene probes. The hybridization data further show that in some isolates two different fragments were detected by one particular gene probe. Especially, all the 06: K14: H-strains (lanes 5-9, 20) display two fragments using the pap gene probe (Fig. 1 c) and concomittantly one of these fragments also hybridized to the hly probe (Fig. 1 b) . These data might argue for the presence of two different gene clusters of P fimbriae, from which one is in vicinity to the hly determinants. Similar results were obtained for strain RZ467 (06: K2: H1) (lanes 15, Fig. 1 b,c) . On the other hand, the 06:K53 strains RZ536 and RZ537 (lanes 3, 4) hybridized in two fragments with h/y (Fig. 1 b) and displayed hybridization with the pap probes in only one of these fragments (Fig. 1 c) , but hybridized with the sfa probe {Fig. 1 d) to the other hly band. ln these strains, a linkage of hly-pap and hly-sfa/foc might exist. Also, these two strains exhibited another band with the sfa probe, but distinct from that of the hly specific fragments. Two different bands hybridizing to sfa/foc were also seen in some other strains (lanes 2, 10, 12, 13, 16, 19), which might reflect two copies of these gene clusters. =t 
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Discussion
Human uropathogenic strains belang to a limited number of 0 groups, particularly 01, 02, 04, 06, 07, 016, 018 and 075. 5 One of the most common 0 antigens among these uropathogenic 0 groups is E. coli 06, which is found in various 06: K: H combinations, whereas the H antigen types are 'restricted to H1.
·
5 Examination of the 0: K: H serotype strains most commonly found among pyelonephritis strains and sometimes among cystitis strains, for the presence of different virulence factors, revealed an association between virulence factors and 0: K: H serotype.
19 Recent studies have shown that strains of the same serotype display genetic and phenotypic diversity, mainly based on the analysis of electrophoretic types (ET).
14 Also, elaboration of RFLP and the analysis of virulence patterns, especially of E. coli 06 strains of extraintestinal source, revealed a highly heterogeneaus picture, 3 · 13 · 15 · 16 but a Jinkage between the K antigen, type of virulence factors and type of infection could be observed. 5 · 20 06: K13 strains without P fimbriae are often isolated from cystitis patients, whereas P fimbriated 06: K2 isolates belang to the pyelonephritis-associated clones. 20 ln this report, we present data on the genetic presence and phenotypic expression of fimbrial adhesins, aerobactin and hemolysin among 36 E. coli 06 strains with the capsule types K2, K13, K14, K18/22 and K53. Our material also includes strains without capsule antigens and with capsule types which have not been identified (K-'"). Molecular epidemiological analysis by either phenotypic or genotypic assays has sought to correlate several virulence factors, for example, adhesins and specific patterns of infection. 20 -23 Each of these approaches has intrinsic limitations. Phenotyping may be spurious owing to variations in gene expression, uncertainties as to appropriate receptor-based assays, and the likelihood that most clinical isolates can express several different types of adhesins. On the other hand, colony hybridization studies do not discriminate homologaus operans encoding different binding specificities and may be further confounded by other alterations at the nucleotide Ievei. Although a combination of both approaches has been used in recent studies, 13 · 21 --24 the study described here involved a substantially larger number of exactly serotyped E. co/i 06 isolates than have been analysed previously, more definitive phenotypic assays, and probing with DNA fragments from several virulence factor genes in DNA-DNA dot blots, as weil as in Southern hybridization assays after separation of the Xba I cleaved genomic DNA by PFGE.
From this study, it can be seen that data primarily elaborated for epidemiological purposes also can be useful for detecting strains with interesting genomic arrangements of virulence factors, such as linkages of virulence determinants. This might build a bridge to the molecular investigation of uropathogenicity. DNA long-range mapping revealed multiple copies of sfa/foc gene clusters and the determinants encoding P fimbriae and hemolysins, as weil as linkage of hly and P fimbriae determinants and sfa/foc-sequences respectively, in some of the strains in our collection. Multiple copies and linkage of virulence factors seems to be a general phenomenon, as described recently. 13 · 16 · 25 -29 The occurrence of such 'virulence clusters' offers the possibility of co-deletions of hly and P-specific determinants in certain isolates. 27 The virulence pattern af strains analysed here was homogeneaus among isolates af the same 0: K: H serotype. Furthermore, the fimbrial serotypes supported the clonal analysis of our E. coli 06 isolates. Our data confirm the recent findings 13 · 24 that virulence features do reflect close genetic relatedness, however, DNA Iang-range mapping revealed differences not only among isolates of different serotypes, but also within strains of one serotype. Although, in general, relatedness elaborated by the analysis of virulence factors goes along with similar restriction fragments, the exceptions from the rule should be interpreted carefully in regards to the necessity of molecular tools for clonal analysis. DNA Iang-range mapping begins to play a major role in epidemiological surveys also, as shown recently, for pathogens other than E. coli.
--34
However, we emphasize that the combination of both classical and molecular analysis is important to get a complete picture for evaluation of clonality.
Materials and methods
Bacterial strains and plasmids. All E. coli 06 strains in Table 1 were isolated from patients suffering from either cystitis or pyelonephritis at the Rostock University Hospital. The 06: K: H serotypes have already been described, 3 and the outer membrane patterns of the strains were determined according to Achtman et al. 35 Fimbriae were analysed serologically by CLI E as previously described.
36
Plasmids used as source for DNA-probes were described recently (see below).
·
24 Escherichia coli K-12 strain H B1 01 was used as a recipient strain for recombinant DNA. 37 Cultivation was carried out under antibiotic pressure using the following antibiotics: ampicillin, 50 JLQ/ml; chloramphenicol, 20 ttg/ml; tetracycline, 15 ttg/ml. Media, chemieals and enzymes. Bacteria were grown either in Luria Bertani (LB) broth or on LB-agar. Radiochemieals were purchased from NEN Research, Dreieich, Germany. Antibiotics were a gift from Bayer, Leverkusen, Germany. All other chemieals were obtained from Sigma, München, Germany. Restrietion enzymes were purchased from Gibco, Eggenstein, Germany.
Adhesion testing. The presence of adhesins was determined by HA assays using human A 1 , sheep, bovine and pig erythrocyte suspensions obtained locally with and without 2% mannose as described elsewhere.
· 36
P-specific adherence was detected by mannose-resistant HA using P 1 human blood cells and the Gai-Gal specific Iatex test (PF test) obtained from Orion-Diagnostica (Espoo, Finland). 38 · 39
S-specific binding was assayed in an HA-test using bovine erythrocytes incubated with neuraminidase or fetuin as described previously. 40 Type 1 fimbriation was identified by mannosesensitive agglutination of S. cerevisiae cells as already described.
6
Aerobactin test. Aerobactin production was detected by a cross-feeding bioassay 41 as descri bed.
13
Hemolysin production. Nutrient agar plates and 5% sheep blood were used to test for hemolysin production. Strains producing a clear halo larger than the overlying colony, after overnight culture at 37°C, were defined as hemolysin-positive.
